1BEERALIE S

HERRR

1.

T5IC

i

=

n||||

BE

I:l'

Vol.54 No.10 2316-2324 (Oct. 2013)

N~ — 2 PR O SERF el a1 5T vk

AT B RELY S AT

Sf+H 20135F4 860, #§%H 2013F6H 14H

IR kD

R Tld, FEHERH TR RE 2 PR N — AW ATR O T IRE S 5. BURN— AWIELAT &

Martin 512X o TIRESNZFHETH Y, HEEOLBIREBIRT 2 2 £ 12 & o THEE! ;df/@ﬁ?
EHHT L2 ENTELD DTHSL. LA L%&HH, Martin 5 OFREE
A A N ORCIERIERELEH R Z M CLEDNH Y, 7= L0 EQERMT 7 r—2 3 Y TOMHIR
WgEThs. €2 THhald, SE,OEMET, FEPES L TELE L THS TS Shape Matching 12

2o, JETE R
Martin & O T2

HUETH 5.

SEICHEO WL T S E—F Tl

BALETE 2 W SIHURAN — AT 2 2 2 FEZHE L2, Fr DT
B, FEOBIRN— ABMETRORMRE KIHTE, oA D S B TERE S EIZE

F—7— R MRS I 2L —3 3, Shape Matching %, 7—7 1 A Ml

Real-Time Example-Based Elastic Deformation
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Abstract: We present an example-based elastic deformation method that runs in real time. Example-based

elastic deformation was originally presented by Martin et al.,
tic material behaviors by simply giving example deformed poses.

where an artist can intuitively control elas-
Their FEM-based approach is, however,

computationally expensive requiring nonlinear optimization, which hinders its use in real-time applications
such as games. Our contribution is to formulate an analogous concept using the shape matching framework,
which is fast, robust, and easy to implement, without using nonlinear optimization. Our approach is two or
three orders of magnitude faster than Martin et al.’s approach while producing comparable example-based
elastic deformations.
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Fig. 1 (a) An example of an animation where a conventional

elastic cuboid bounces off the floor. (b) An example
of user-specified input data for example-based elastic
materials and a result animation of the example-based

elastic cuboid generated from the input data.
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Fig. 2 Overview of run-time operations. Here, the elastic
cuboid model has its rest pose, current deformed pose,

and two example poses.
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Fig. 3 Our method for calclating the goal positions. In or-

der to obtain the goal position g, ; of particle ¢ in local
region r, the rest shape of the region is appropriately
deformed by the strain S, that is obtained by projec-
tion (Section 4.3) in our method, while the standard
shape matching uses the undeformed rest shape as the

goal shape.
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Fig. 4 Comparison between Martin et al.’s and our approach.

In Martin et al.’s approach, example manifold £ and
the projection are nonlinearly defined. In contrast, in
our approach, example manifold £ can be defined as a
simple linear interpolation, thus the projection can be

handled easily.
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Fig. 5 Varying the magnitude of the example-based elastic de-

formation effect by changing 3.

%Zﬂ%ﬂt {ﬁJ/TﬂB
. Dl
6 2200/ Lz Vv—TI25FbNnT T

Fig. 6 A teddy bear whose local regions are divided into two

separate groups at its middle.
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Fig. 7 Comparison between the case of using globally defined
example manifold (left) and the case where each lo-
cal region has its own example manifold independently
(right).
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Fig. 8 An animation of a slope scene containing two types of

example-based elastic cuboids (generated from twist-
shaped and S-shaped example poses) represented by
2,250 particles in total; this scene is simulated at 49

frames per second.
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Fig. 9 Four cylinders undergoing very different elastic defor-
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Fig. 10 Cars colliding against the wall. One (upper left) is

simulated without any example pose, and the others

are simulated with different kinds of example poses.
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Fig. 11 Tetrahedral meshes used in this paper for generating

the animations.

WSO EREBoEMEIbTrTh s, 72, B 11

IHEBER D 72O W 72T A v ¥ 2 %R,
6. EE

6.1 Martin 5DFE & DIRERDLEE
X 12| :{athtﬁ/«lk%:fﬂﬂ‘k LCH2-E k% &
T fbb\f: \ZB93 A, Martin 5 O T & s DT
DFRERD fi i&m@%ri 2L, 2ZTIEYIal—
arvRLyF) IO EICIERE L TR,
HIRZE L Shape Matching Tl I 2L -3 v 0
T’“*’fﬁiﬁﬁz‘?ﬂt@%f: ZBITRAN — AGREZETE ORY A 72T % ik
[ZHET 2 2 EDARBEMICHETH 5 &) JICERS
ﬂf:w L2 L%, ZOHBHEGE»S bHILETES L
, A OFH:IE Martin & O T3 & FE A FBE 5
%%E&Hﬂ’é’(b\é EFRAITEZTWD., T2, §TEa X
B LT BB 2 AT L\ b O, Martin 5 OFi5k

2321



BEAIEF =R NEE Vol.54 No.10 2316-2324 (Oct. 2013)

P —
Martin 5 DOFE Fhx OFik
12 Martin 5 DOFE L L OFROMEROILE. LOWEIEL
Wk [7] b DTH S (©2011 Association for Computing
Machinery, Inc. Reprinted by permission.)
Fig. 12 Comparison between Martin et al.’s result and ours.

The left image is from Ref. [7], ©2011 Association for

Computing Machinery, Inc. Reprinted by permission.
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